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ABSTRACT

Background: Excess body weight has been identified as an important risk factor for lymphoedema following breast cancer
treatment, however it remains unclear how much risk increases as weight increases. We conducted a meta-analysis to assess
the relationship between body mass index (BMI) and risk of lymphoedema in breast cancer patients, and to estimate the level
of risk by BMI category.

Methods: We conducted a systematic search of all articles published through May 2018 in PubMed and the Cochrane li-
brary. Studies that included data on BMI and lymphoedema in breast cancer patients were included in the meta-analysis. We
compared risk of lymphoedema in BMI groups as: BMI<25 versus BMI>25, BMI<25 versus BMI>30, BMI>25 to <30 versus
BMI>30, BMI<30 versus BMI>30, BMI<25 versus BMI>25 to BMI<30.

Results: After exclusion of ineligible studies, 57 studies were included in the meta-analysis. The mean difference in BMI
between patients with lymphoedema compared to those without lymphoedema was 1.7 (95% Cl, 1.3 - 2.2). Compared to
patients with a BMI<25, risk of lymphoedema was higher in those with a BMI >25 to <30 (odds ratio [OR] 1.3; 95% Cl, 1.2 to
1.5), a BMI>25 (OR 1.7; 95% Cl, 1.5t0 1.9), or a BMI>30 (OR 1.9; 95% Cl, 1.6 to 2.4). Compared to patients with a BMI
of >25 to <30, risk of lymphoedema was higher in patients with a BMI>30 (OR 1.5; 95% Cl,1.4 to 1.8).

Conclusion: Excess body weight is a risk factor for lymphoedema following treatment of breast cancer, with the magnitude of

risk increasing across higher categories of BMI.

INTRODUCTION

ymphoedema of the upper limb is a complication

of breast cancer treatment, especially mastectomy,
radiation therapy and chemotherapy.' It results from re-
duced lymphatic drainage and stasis of fluid in the ex-
tremities,? and can occur during treatment or develop
years after treatment has been completed.’ Estimates of
the prevalence of lymphoedema following breast can-
cer treatment are imprecise due to inconsistencies in the
definition of lymphoedema.*® However, 1 systematic re-
view found that more than 1 in 5 women who survive
breast cancer developed lymphoedema.® Several clin-
ical factors have been associated with increased risk of
lymphoedema, including: breast surgery, axillary lymph
node dissection, sentinel lymph node dissection, radi-
ation therapy, and postoperative infections.!®!! Obesity
has been identified as the primary demographic factor
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associated with increased risk of lymphoedema of the
upper limb following breast cancer treatment.

A number of studies have examined the relation-
ship between obesity and development of arm lymph-
oedema after breast cancer treatment, with the majori-
ty finding that. However, most studies do not report on
the frequency of lymphoedema within strata of women
who are normal weight, overweight or obese, thus pre-
cise estimates on the level of risk associated with each
weight strata are lacking. Given the high frequency of
overweight and obesity among breast cancer patients,
clarification of the level of risk of lymphoedema after
breast cancer treatment in overweight or obese wom-
en is needed to enhance clinical management of breast
cancer in this patient subgroup.

We sought to address this knowledge gap by con-
ducting meta-analyses to assess 1) whether body mass
index (BMI, defined as weight in kilograms divided by
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FIGURE 1. PRISMA Flow Diagram
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height in metres squared) differs in breast cancer patients
with and without lymphoedema after breast cancer treat-
ment, and 2) risk of lymphoedema after breast cancer treat-
ment in subgroups of BML

METHODS

Search Strategy

A systematic search of all articles published in the English
language up to 23 May 2018 was conducted on PubMed and
the Cochrane library, using MeSH key words: “breast cancer
and lymphoedema”. All references resulting from the MeSH
search were imported into Endnote X8, and were examined
by 2 independent reviewers. During their first round of re-
view, each reviewer evaluated study titles; those that did not
contain the targeted search terms were excluded. During the
second round of review the full-text of retained study were
evaluated to determine if it was potentially eligible for inclu-
sion in the meta-analyses. Discrepancies between reviewers
were resolved via discussion.

Inclusion and Exclusion Criteria

The inclusion criteria were: publication in English in a
peer-reviewed science or medical journal; assessment of BMI
(as a continuous or categorical variable) and lymphoedema
in female breast cancer patients; and a period of follow-up
less than or equal to 10 years. No published abstracts were
included. Included and excluded studies are summarised in
Figure 1.
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Data Extraction

The following variables were extracted from the published
papers (Table): authors, year of publication, study design,
patients, type of data, duration of the study, proportion of
lymphoedema, lymphoedema evaluation, country where the
study was conducted and the definition of lymphoedema.
Where available, we extracted patient BMI as a continuous
variable; means and ranges were adjusted into mean and
standard deviation using the method described by Wan X.'?
Data on BMI were also extracted as a categorical variable, and
where appropriate, regrouped to represent the following cat-
egories: BMI<25, BMI>25, BMI=> 25 to <30, and BMI=30.

Quality Assessment of Studies

We performed quality assessment of studies included in this
meta-analysis using 2 tools: the Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies, a 14-
item inventory; and the Quality Assessment of Case-Control
Studies, a 12-item inventory.” If an observational cohort or
cross-sectional study had more than 8 positive items, or a
case-control study had more than 7 positive items, the study
was deemed to be of high quality.

Statistical Analysis

In studies with continuous data for BMI, we calculated the
mean difference and 95% confidence interval of BMI between
patients with lymphoedema and those without lymphoe-
dema. We used data on the number of lymphoedema events
among patients within each BMI category to calculate odd
ratios of the association between BMI category and lymph-
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TABLE. Characteristics of Studies Included in the Analysis

. . . Lymphoedema _
Authors Year Design Patients Duration PL ymproec Country Lymphoedema Definition
Evaluation
Presence of clinical impression of breast
lymphoedema (BLE) at 2 or more visits
Boughe Patients with breast cancer who Clinical sians of edema beyond 1 month affer surgery or a
gneY: 2014 Prosp. underwent unilateral breast conserving 30 months  40.28 9 USA presence of clinical impression of BLE at
J.C. and erythema .
surgery 1 visit greater than 1 month after surgery
with either moderate or severe edema or
erythema
Card,A. 2012 Prosp. Female breast cancer underwent 6 years 6.79 Arm circumference USA NM
mastectomy measurements
Women underwent surgery related to Arm circumference Upon measurement, a Percentage Volume
Clark, B. 2005 Prosp b gery 18 months  20.7 UK Difference change was found to be 5% or
reast cancer measurements more
Crosh Breast cancer patients who benefited Subiective or obiective
v 2012 Retro. immediate postmastectomy breast 6 years 3,6 e r ol USA NM
M. A. / data in medical records
reconstruction
Dominick, 2013  Prosp. Patients with early breast cancer 4 years 29.5  Self-report USA Sw.e|||ng of fhe. arm or hand due to fluid
S. A buildup following surgery
Geller, B. 5 .
M 003 Prosp.  Women with breast tumor 2 years 3.2  Self-report USA NM
. Limb volume
Green, J Wormen who had been diagnosed measurements by Change in Limb Volume is 5% or greater
"7t 2013 Prosp.  with breast cancer and scheduled for 30 months  64.86 . USA X
M. raer circumferences and than the change in BMI
surgery Perometer
Hinrichs, 2004 Retro. Women treated with Postmastectomy 6 years 27 Clinical USA Presence QF |p$||atgrg| arm edema noted
C.s. radiotherapy for breast cancer by a treating physician
Hua-Ping, Postmenopausal breast cancer patients Circumferential . A difference of > 2 cm at any level
H. 2012 Prosp. i radical mastectomy 18 months ~ 42.9 measurement China between the affected and unaffected limbs
Jammallo Breast cancer patients without Perometer
Ls * 2013 Prosp. metastasis and treated by unilateral 7 years 5 preoperatively and USA Relative volume change
T breast surgery postoperatively
Breast cancer patients who had Self-report, Clinical At least 10 % excess limb volume. as
Jeffs, E. 2016 C.S attended a “reducing your risk of 6 years 23 assessment and UK ° !
| hoed "l measured by the Perometer
ymphoedema” class Perometer measurement
Patients with stage Il or Il breast i!gl;r:':}n:eer;crecnd Ipsilateral arm swelling of more than 5 %
Jung, S.Y. 2014 Retro. cancer underwent curative breast 6 years 42.22 . Korea of the circumferential difference without
self-perception of arm . "
surgery edema specnd| conditions to the contralateral arm
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TABLE. Continued

. . . Lymphoedema .
Authors  Year Design Patiens Duration PL ymphoec Country Lymphoedema Definition
Evaluation
C||r?|cq||y node-positive breast cancer Circumference Difference of 5%-10% in arm
patients who underwant Neoadjuvant measurement and measurement or only self-perception
Kim, M. 2015 Retro. chemotherapy followed by modified 6 years 42 - ion of Korea f i . hyl E p5<7
radical mastectomy or BCS with pahen; perception o or arm swe |ng.i¥|t ess than a 5%
ALND and radiafion therapy arm edema measurement ditference
Circumference Ipsilateral arm swelling of more than
. 5 . L
Kim, M. 2016 Retro. Breast cancer pc!henfs who 6 years 34.5 meqsurement o.nd Korea 5 ./; of the C|.rcumfer(-.)r.1hq| difference
underwent curative breast surgery patient perception of without special conditions to the
arm edema contralateral arm
Patients who underwent primary Circumference Ipsilateral arm swelling of more than
. 5 . T
Kim, M. 2013 Retro. surgery with AI..ND excluded those 6 years 17 meqsurement q.nd Korea 5 .A of the C|.rcum|:ere.r.|hc| difference
received neoadjuvant therapy patient perception of without special conditions to the
followed by surgery arm edema contralateral arm
Kwan, M. L. 2010 Prosp. Eg::;fs with primary invasive breast 22 months  13.3 Elaigrrdo:m medical USA Disease codes
Women newly diagnosed invasive Any event sel-reported by the
Kwan, M. L. 2016 Prosp. | - o cancery 9 101 moths 11.6  Self-report USA participant that was =6 months after
the breast cancer diagnosis
Increase in arm circumference at any
Lee, S. H. 2012 Prosp. Breast cancer survivors 2 years 60.42  Arm circumference. Korea level by 2 cm or more compared to the
contralateral side
Mahamaneerat Postoperative unilateral breast Arm circumferences Limb Volume increase of at least 5%
W. K 2008 Prosp. canceF:' “urvivors 30 months  19.17 and limb volume using  USA greater than BMI change during at least
T v cylinder volume 1 visit after the postoperative visit
Mck, S.s. 2009 C.C. Pghenf§ who underwent GX|||dry NM 50 Hlstory and arm China The confrd|gferq| arm circumference at
dissection for breast cancer circumference corresponding as reference
Patients diagnosed in situ to Stage Swelling due fo an accumulation of
Meeske, K. A. 2009 C.C > iag 9 18 months 24 Self-reported USA fluid in their arm, not to be confused
Wi-A primary breast concer with swelling that occurs after surgery
Patients treated by mastectomy with Clinical and arm Difference >200 ml between the
Menezes, M. M. 2016 Prosp. oy o * hcdgnectom 4 1 year 33 circumference Brazil volume of the affected limb and the
v lymp 4 measurement contralateral limb
Patients diagnosed primary invasive Upper limb .
Monleon, S. 2015 Retro. breast cancer and treated by 5 years 33.4  circumference Spain 3;@3:&?::;2‘:2}[? more at any
surgically measurement P
atients with breast carcinoma an easurement or the . .
Pat ith b . d M fth Mid-arm or forearm circumference
orcos, B. S. treate: surgery at least 6 months ears . mid-arm and torearm ordan
M B 2014 CS d by surgery at | 6 hs 6y 21.4 id d f Jord

prior to accrual

circumference

difference between both limbs of >2 cm
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TABLE. Continued

Avuthors Year

Design

Patients Duration

Lymphoedema

PL Evaluation

Country

Lymphoedema Definition

Norman,
S A 2010

Ozaslan,
C 2004

Park, J. H. 2008

Pinto, M. 2013
Eebegea, 2015
Ribeiro

Pereira, A. 2017
C.P

Ridner, S.

H. 2011

Soyder, A. 2014

Stout, N. L. 2011

Swenson,
K K. 2009

Togawa, K. 2014
Vieira, R.
A 2016

Wang, L. 2016

Prosp.

Prosp.

Prosp.

CS.

Prosp.

Prosp.

Prosp.

Retro.

Prosp.

C.C.

Prosp.

Retro.

Prosp.

Patients with histologically confirmed

breast cancer 6 years
Patients treated by modified radical

mastectomy with complete axillary 30 months
dissection

Women operated on by the same 8 months

surgeon in each hospital

Patients who underwent mastectomy or
breast conserving 5 months
surgery with unilateral ALND

Patients with breast cancer + any

treatment 3 years
Women underwent ALND for breast

16 months
cancer
Women newly diagnosed breast 30 months

cancer survivors

Female patients with 1-sided breast
cancer who had surgical intervention 15 months
to the breast and axilla

Women with early-stage unilateral

breast cancer 12 months

Patients clinically diagnosed of

lymphoedema and unilateral axillary 44 months
surgery for invasive breast cancer

Women with first primary in situ or

L 5 years
stage I-ll invasive breast cancer 4

Women with breast cancer 3 years

Patients who had been diagnosed 2
with breast cancer and underwent

ALND

months

Questionnaire and
37.7  scoring system to assess
lymphoedema

28 Arm circumference
measurement

Arm circumference
24.9
measurement

50 Self-report

5.9 NM

Circumference
13.5
measurement

19.6  Using Perometer

6.9 Arm circumferential
’ measurements

Volume and girth
50 measurement by
Perometer + se|f—report

Measure of Arm

50 Symptom Survey

29 Self-report

7.2 Medical records

Circumferential
measurement

31.84

USA

Turkey

Korea

Italy

Romania

Brazil

USA

Turkey

USA

USA

USA

Brazil

China

Patient’s perceived differences in the size
of her hands and arms

Difference at any level compared with the
opposite upper extremity > 2 cm

Difference of 2 cm or more at any level
compared with the opposite upper
extremity

Based on consensus document of the
International Society of Lymphology

NM

Difference of 200ml between the arms

200 ml or 10% increase in arm volume
occurring on the side where breast
cancer treatment

Difference of more than 2 cm in the
measurements made at the 4 regions
compared to the healthy side

3% volume increase of the affected limb
from the preoperative measurement and
with consideration for the contralateral
limb

Having patients rate them on a 5-point
Likert scale from 1 (no swelling) to 5
(very severe swelling

Arm on the side of breast cancer swollen
because of accumulation of fluid in the
arm

Description in the medical records
Difference of 2 cm or more at any

level compared with the opposite
upper extremity

Continuved
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TABLE. Continued

. . . Lymphoedema _
Authors Year Design Patients Duration  PL ymproec Country Lymphoedema Definition
Evaluation
. Women with clinical stage T1/2NOMO . Increase of 2 cm from the preoperative
Wilke, L. . . . . Arm circumference .
G 2006  Prosp. biopsy-confirmed invasive breast 5 years 6.9 USA arm measurement when compared with
. . measurement
carcinoma the contralateral arm
. . . Bioimpedance
Hohamoff, 2018 Retro. Patients newly diagnosed unilateral 2 years 8.04  and circumference USA NM
M. breast cancer
measurement
>2 cm difference between the 2 upper
Women with previous surgery for Arm circumference extremities in at least 1 level and/or at
Can, A.G. 2016 Retro. breast cancer 15 months  40.5 measurements Tyrkey least a 10% difference between the 2
upper limb volumes
The volume of every
part of the limb
was calculated by Lymphoedema defined by the amount of
Soran, A. 2006 Retro. Female with and without lymphoedema 10 years  33.3  the truncated cone USA LE as percentage of the volume of normal
formula according arm (>10%)
to circumferential
measurements
Bioi Resistance ratio for the untreated arm/
ioimpedance d 1139 or =1 066
Women with and without spectroscopy (BIS) freated arm was >1.197 or >1.
leung, G. 2014 C.S lymohoed NM 71.4 t lymohood USA for those women who had surgery on
ymphoedema of lymphoedema . : ;
the dominant or nondominant 5|de,
measurement .
respectively at any of the BIS assessments
Breast cancer patients who completed Limb circumference,
Baltzer, 2017 Retro cancer treatment and underwent Byears 38 limb volume USA Limb circumference difference of 2cm of
H. L. ’ ipsilateral hand surgery and or 4 ’ measurement or clinical difference or volume difference of 200ml
radiation therapy evaluation
Johansson Women treated for breast cancer who
K * 2002 Retro. developed arm lymphoedema without 19 months  19.32  Medical records Sweden  NM
) recurrence of malignancy
. Interlimb volume of difference of >5 %
Showalter, Breast cancer survivors who were af Water volume accompanied by a 25 % increase in the
* 2013 Prosp. risk for developing BCRL or who had 2 years 9 X USA S o0 Dy a=
S. L displacement measures interlimb difference when compared to
stable BCRL . .
the last measurement time point
lviaun ig;zmi:;zr:ﬁs of the A difference in circumference of the
y1gun, 2018  Prosp. Patients with early-stage breast cancer 3 years 21.3 Turkey 2 arms of >2cm and, values below or
Z.E. hand, arm, and forearm
. above -10 and +10
+ Bioimpedance
zhohpar, 2013 Prosp. Breast cancer pafients 1 year 30 Arm circumference Iran Clr‘cumFerence difference >2cm in any
. measurement point
lkeda, K. 2014 Refro. Primary breast cancer patients who 24 months 3158 Circumference arm Japan Circumference difference of 2 cm at any

underwent breast surgery with ALND

measurement

level

Continuved

jusuwjoal] JBdUDT) Jsoaig Joyy owepeoqdunﬁ

Bio yypayoe mmm


http://www.eahealth.org

Z 4equnN | € 8WN|oA | 10T [PUINO[ YoIDasay Yoo UPdLyY Js0g

78l

TABLE. Continued

. . . Lymphoedema .
Authors  Year Design Patients Duration  PL ymphoec Country Lymphoedema Definition
Evaluation
Circumference A ratio >1.139 for women in whom the
Kilbreath, . measurement and . surgery was on their dominant side and
S L 2013  Prosp. Women with early breast cancer 12 months 9.1 Bioimpedance Australia a ratio >1.066 for those in whom the
spectroscopy surgery was on the nondominant side
Unilateral breast cancer patients who Bioimpedance Low frequency and 200 ml difference
Smoot, B. 2014 C.JS. d P NM 47.37  spectroscopy + volume  USA between the affected and unaffected
underwent surgery .
of a truncated cone limbs
Women, with and without Circumferential
Smoot, B. 2010 C.S. lymphoedema, who had completed NM 50.69  assessment + USA NM
active breast cancer treatment Bioimpedance
Francis, 2006 Prosp. Newly dlagnosed resectable breast byears 677 Arms circumference USA Limb volume or circumferential ]
W. P. cancer patients measurements measurement increased by at least 5%
Goldberg, Women with clinically node-negative Arms circumference Lymphoedema was defined as L>2 cm
JoL 2011 Prosp. breast cancer underwent SLNB 4 years 3 measurements USA for either the upper arm or the forearm
Women without history of breast
Goldberg, cancer or axillary surgery underwent Arms circumference Lymphoedema was defined as L>2 cm
JoL 2010 Prosp. SLNB for clinically node-negative 5 years s measurements USA for either the upper arm or the forearm
breast cancer
Mok, S.S. 2008 C.S. Pd?ients wifh.breost cancer undergone 17 months 50 Arms Circumference Hong Differences between 2 arm
unilateral axillary dissection Measurements Kong circumferences at any level.
McLauahlin Ratio >1,10(10% increase in the
S A 97N 2013 Prosp.  Women with ALND or SLNB 20 months 5to 6  Arms measurements USA ipsilateral arm when compared with
o changes in the contralateral arm)
Women underwent breast cancer
McLaughlin surgery with SLNB, without prior Arms circumference
9 2008 Prosp. axillary surgery, without history of 5 years 51016 USA Lymphoedema >2 cm for either location
S.A. measurements

breast cancer, and had baseline
bilateral upper-extremity measurements

Abbreviations: PL, proportion of lymphoedema; Prosp., prospective; Retro., refrospective; C.S., Cross-sectional; C.C., Case—~Control; BCRL, breast cancer-related lymphoedema; ALND, axillary lymph
node dissection; NM, not mentioned; SLNB, sentinel lymph node biopsy
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FIGURE 2. Comparison of BMI Between Patients With and Without Lymphoedema

Lymphedema  Non-Lymphedema

Study or Subgroup Mean _SD Total Mean _ SD

Mean Difference
Total Weight IV, Random, 95% CI

Mean Difference
IV, Random,

3
1
*
f=}

1.1.1 Prospective studies
Francis, W. P. 2006
Geller, B. M. 2003
Goldberg, J. 1. 2010
Goldberg, J. 1. 2011
Iyigun, Z.E. 2018
Kilbreath, . L 2013

29 72 105 28 8 50 25%
261 54 55 264 5 99 49%

34 68 31 288 5 569 28%
305 39 18 29 88 582 41%
296 33 59 275 31 218 105%
288 34 13 259 48 130 38%

30 43 86 2875 48 950 10.3%
268 21 12 253 06 108 81%
Shahpar, H. 2013 307 52 123 288 46 298  93%
Showalter, S. L. 2013 29 59 27 292 61 268 3.0%
Subtotal (95% C1) 529 3272 59.4%
Heterogeneity: Tau*= 0.60; Chi*= 19.01, df= 3 (P = 0.03), F= 53%
Testfor overall effect: Z= 4.61 (P < 0.00001)

McLaughlin, S. A. 2008
McLaughlin, S. A 2013

1.1.2 Retrospective studies

Baltzer, H. L. 2017 386 9
Can, A G.2016 314 66
Hahamoff, M. 2018 3 77 7T 3 6 80 05%
lkeda, K. 2014 245 6 24 228 39 52 25%
Johansson, K. 2002 266 38 17 25 45 71 36%
Soran, A 2006 292 61 52 261 49 104  42%
Subtotal (95% CI) 138 456 13.5%

4 289 107 99 02%
34275 51 50 24%

Heterogeneity: Tau?= 0.00; Chi*= 3.01, df= 5 (P = 0.70); F= 0%
Test for overall effect: Z= 4.54 (P < 0.00001)

1.1.3 Cross sectional studies.

Leung, G. 2014 282 67 155 261 56 387 81%
Smoot, B. 2010 27.33 622 73 2545 483 71 46%
Smoot, B. 2014 2686 538 63 2548 465 70  4.9%
Subtotal (95% C1) 291 528 17.6%
Heterogeneity: Tau?= 0.00; Chi*= 0.46, df= 2 (P = 0.80); F= 0%

Testfor overall effect: Z= 4.26 (P < 0.0001)

1.1.4 Case-control studies

Mak, S. S. 2008 235

4 101 224
Subtotal (95% C1) 101

33 101 97%
101 97%
Heterogeneity: Not applicable

Testfor overall effect Z= 2.13 (P = 0.03)

Total (95% C1) 1059 4357 100.0%
Heterogeneity: Tau®= 0.25; Chi*= 26.26, df= 18 (P = 0.12), "= 28%

Testfor overall effect: Z= 7.78 (P < 0.00001)

Test for subaroup differences: Chi*= 3.73, df= 3 (P = 0.29), F= 18.5%

1.00(1.61,361) ]
-0.302.03,1.43)

1.50 (0.4, 3.44)

-0.20254,214)
1.64[0.94,2.34)

4704.37,1377]
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1.380.34,3.10]
1.87[1.01,2.73]

1.10[0.09, 2.11]

1.74[1.30,2.18]

5.20(2.77,7.63

. ¥ .m ’M’ o||lw}|

210(1.16,3.04]
2.90(0.87,4.93]
1.25(0.29,2.21)
1.50(0.31,2.69)
1.90 (0.84, 2.96)
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310(1.19,5.01]

210(0.91,3.29]
1.88(0.09, 3.67)

1.10[0.09,2.11)

-10 -5 5
Low MD (Non-lymphedema) High MD (Lymphedema)

oedema. A random effects model, with a random intercept for
each study, was developed to obtain pooled mean differences
and ORs by study type. Study heterogeneity was assessed
using the 12 index. 12>50% with P<.1 indicated significant
heterogeneity among studies.'* Subgroup analyses were per-
formed to obtain OR and mean difference estimates accord-
ing to the study design, notably, prospective, retrospective,
cross-sectional and case-control studies. Review Manager
version 5.3 (The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen) was used for all statistical analyses.

RESULTS

Study Characteristics

We identified 2,911 studies through the MeSH search terms, of
which 57 studies, published between 2002 and 2018, were in-
cluded in the meta-analysis (Figure 1). Among them, 32 were
prospective,'>#¢ 15 were retrospective,*°' 7 were cross-sec-
tional®*%® and 3 were case-control.®*”! The included studies
were conducted in USA (30), Korea (6), Turkey (4), China (3),
Brazil (3), UK (2),Spain (1), Italy (1), Sweden (1), Romania (1),
Japan (1), Australia (1), Hong Kong(1),Iran (1)andJordan(1).
Fourteen studies were classified as low quality and 43 were
classified as high quality. The proportion of lymphoedema in
prospective studies included in the meta-analysis ranged be-
tween 3% and 71.4% (Table). In total, 5,407 participants from
20 studies contributed data for analysis of mean differences
in BMI between patients with and without lymphoedema.
Overall, 23,208 participants from 38 studies contributed data
for analyses of ORs associated with BMI category. Some of
the 38 studies did not report on every category of BMI and
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thus were not included in every OR estimate, while other
studies provided data for more than 1 OR estimate. Thus OR
estimates of lymphoedema in patients with a BMI<25 versus
patients with a BMI>25 included 33 studies; OR estimates of
patients with a BMI<25 versus patients with a BMI>30 includ-
ed 20 studies; OR estimates of patients with a BMI=25 to <30
versus patients with a BMI>30 included 20 studies; and OR
estimates of patients with a BMI<25 versus patients with a
BMI>25 to BMI<30 included 19 studies.

Differences in BMI between Patients With and With-

out Lymphoedema

In meta-analysis of 20 studies the overall mean difference in
BMI between breast cancer patients with and without lymph-
oedema was 1.7 (95% confidence interval [CI], 1.3 to 2.2);
heterogeneity among studies was nonsignificant (12=28%).
In subgroup analysis by study design, in all study subgroups
BMI was higher in breast cancer patients with lymphoede-
ma compared to those without. However, the mean differ-
ence in BMI was higher in retrospective studies 2.5 (95% CI,
1.4 to 3.6), compared to prospective 1.6 (95% CI, 0.9 to 2.3),
cross-sectional 1.9 (95% CI, 1.0 to 2.7) and case-control stud-
ies 1.1 (95% CL0.1 to 2.1). Heterogeneity in prospective stud-
ies was moderate (12=53%) and nonsignificant (12=0%) in
retrospective and cross-sectional studies.

Odds of Lymphoedema by BMI Category

Breast cancer patients with a BMI in the overweight or obese
range more frequently developed lymphoedema than those
with a BMI<25, with risk rising across higher BMI categories.
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FIGURE 3. Forest Plot Comparing Lymphoedema in Patients With BMI <25 and Those With BMI >25

BMI< 25 BMI > 25 0Odds Ratio (Non-event) 0dds Ratio (Non-event)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.1.1 Prospective studies

Boughey, J. C. 2014 10 22 18 7 15% 1.99(0.76,5.17] —
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Clark, B. 2004 13 a3 26 92 2.2% 242(1.16,5.09 E—

Dominick, 5. A 2013 249 1087 443 1345 6.3% 1.651.38,1.98] -

Geller, B. M. 2003 27 65 25 700 2.4% 0.78[0.39,1.57] - 1

Green,J.M 2013 19 55 94 176 2.8% 217[1.16,4.08) e

Hua-Ping, H. 2012 28 89 26 37 1.9% 5.15(2.23,11.87] _

Jammallo, L. S 2013 8 31 32 476 2.0% 2.73[1.24,6.00] I —

Kwan, M. L. 2010 45 355 88 642 45% 1.09(0.74,1.61) N

Kwan, M. L. 2016 87 1050 253 1882 56% 1.721.33,2.22) S

Lee, SH.2012 27 52 3 44 18% 2.21[0.95,5.14] T

MahamaneeratW. K. 2008 12 44 28 146 21% 0.63[0.29,1.38] - 1

Norman, 5. A 2010 76 235 162 396 4.9% 1.45[1.03,2.03] ——

Ozaslan, C. 2004 8 56 60 184 20% 2.90[1.29,6.52) —

Park, J. H. 2008 66 320 46 130 3.9% 211[1.34,3.31] —_

Ridner, 5. H.2011 3 33 24 105 1.0% 2.96 (0.83, 10.56] -

Stout, N. L 2011 15 38 30 52 1.8% 2.09(0.89, 4.90] R

Togawa, K. 2014 70 306 120 360  4.8% 1.69[1.19,2.38] _

Wang L.2016 36 268 28 90 35% 0.96 (0.57, 1.60] —

Wilke, L. G. 2006 56 1132 136 1641 5.0% 1.74 [1.26, 2.39] —_

Subtotal (95% CI) 6058 8444  63.3% 1.74[1.47, 2.05] *

Total events 923 1760

Heterogeneity: Tau®= 0.06; Chi*= 40.82, df= 19 (P = 0.003); F= 53%

Test for overall effect: Z= 6.59 (P < 0.00001)

1.1.2 Retrospective studies

Croshy, M. A 2012 13 513 35 569 2.7% 252[1.32,4.82) _—

Jung, 8.Y. 2014 387 565 206 277 5.0% 1.33[0.97,1.84) —

Kim M. 2015 84 213 48 100 37% 1.42(0.88,2.29] e

Kim M. 2016 77 N3 43 351 4.4% 1.15(0.78,1.72) T

Kim M.2013 80 516 42 256 4.3% 1.07 [0.71,1.61) i

Monleon, S. 2015 42 130 80 232 39% 1.10[0.70,1.74] =

Soyder, A 2014 6 84 17 04% 0.81[0.09,7.22]

Subtotal (95% CI) 2734 1802 24.3% 1.28[1.07,1.52] >

Total events 689

Heterogeneity: Tau®= 0.00; Chi*= 6.03, df= 6 (P = 0.42); F= 0%

Testfor overall effect Z= 2.77 (P = 0.006)

1.1.3 Cross-sectional studies

Jeffs, E. 2016 4 15 9 25 0.8% 1.55(0.38,6.31) I—

Morcos, B. 2014 3 95 100 417  23% 3.01 [1.46,6.21] _—

Pinto, M 2013 3 13 47 77 0.8% 5.22[1.33,20.53]

Subtotal (95% CI) 123 519 4.0% 2.97 [1.66, 5.31] i

Total events 18 156

Heterogeneity: Tau*= 0.00; Chi*=1.48, df= 2 (P = 0.48), F= 0%

Testfor overall effect: Z= 3.67 (P = 0.0002)

1.1.4 Case control studies

Mak, S. S. 2009 67 147 34 55 27% 1.93(1.03,364) —

Meeske, K. A 2009 45 256 75 238 42% 246[1.41,3.29] —_—

Swenson, K. K. 2009 9 29 45 65 1.6% 5.00[1.94,12.89]

Subtotal (95% CI) 432 358 8.4% 2.41[1.56,3.72] B

Total events ibil

Heterogeneity: Tau®= 0.05; Chi*= 2.96, df= 2 (P = 0.23); F= 32%

Test for overall effect: Z= 3.97 (P < 0.0001)

Total (95% CI) 9347 11123 100.0% 1.70 [1.49,1.95] *

Total events 1749 2525

Heterogeneity: Tau*= 0.07; Chi*= 67.89, df= 32 (P = 0.0002); F= 53% bos 02 3

Testfor overall effect Z=7.81 (P < 0.00001) Favours BMI<25 Faovours BMI=25

Test for subaroup differences: Chi*= 15.25, df= 3 (P = 0.002), F= 80.3%

Compared to patients with a BMI<25, risk of lymphoedema
was higher in those with a BMI in range of 25 to less than
30 (odds ratio [OR] 1.3; 95% CI, 1.2 to 1.5), a BMI=25 ( OR
1.7; 95% CI, 1.5 to 1.9), or a BMI=30 (OR 1.9; 95% CI, 1.6 to
2.4). Even among overweight or obese patients, higher BMI
was associated with a greater frequency of lymphoedema.
Compared to patients with a BMI between 25 and less than
30, odds of lymphoedema was 50% higher patients with a
BMI>30 (OR 1.5; 95% CI,1.4 to 1.8).

Heterogeneity of OR estimates across studies was mod-
erate in overall analyses comparing patients with BMI<25 to
those with BMI>25 (12=53%) and comparing patients with
BMI<25 to those with BMI>30 (12=49%). Cross-study heter-
ogenity was also moderate in subgroup analysis of prospec-
tive studies comparing patients with BMI<25 to those with
BMI>25 (12=53%) and comparing patients with BMI<25 to
those with BMI>30 (12=49%). Study heterogeneity was only
substantial in subgroup analysis of cross-sectional studies
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comparing patients with BMI between 25 and 30 to those
with BMI>30 (12=75%). In all other analyses heterogeneity
was nonsignificant.

In subgroup analyses based on study design comparing
patients with a BMI<25 to patients with a BMI>25, mean ORs
were higher in cross-sectional studies (OR 2.9; 95% CI, 1.7 to
5.3) and case-control studies (OR 2.4; 95% CI, 1.6 to 3.7) com-
pared to prospective studies (OR 1.7; 95% CI, 1.5 to 2.1), and
retrospective studies (OR 1.3; 95% CI, 1.1 to 1.5). In contrast,
in subgroup analyses comparing patients with a BMI of 25
to less than 30 to patients with a BMI>30, the mean OR was
higher in prospective studies (OR 1.6; 95% CI, 1.4 to 1.8) com-
pared to retrospective studies (OR 1.3; 95% CI, 0.8 to 1.9) and
cross-sectional studies (OR 1.2; 95% CI, 0.1 to 13.6).In sub-
group analyses comparing patients with a BMI<25 to patients
with a BMI>30, mean ORs by study types ranged from 1.9
to 2.5 in cross-prospective, cross-sectional and case control
studies, with an overall OR of near 2 (OR 1.9; 95% CI, 1.6 to
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FIGURE 4. Forest Plot Comparing Lymphoedema in Patients With BMI <25 and Those With BMI >30

BMI<25 BMI>30

Study or Subgroup Events Total Events Total Weight
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Norman, S.A. 2010 76 235 90 196 8.4%
Ozaslan, C. 2004 8 56 38 77T 34%
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Total events 733 871

0
Heterogeneity: Tau®= 0.06; Chi*= 28.19, df=15 (P =0.02), F= 47%
Test for overall effect: Z= 6.94 (P < 0.00001)

1.2.2 Retrospective studies

Monleon, S. 2015 42 130 4 11 6.6%
130

Subtotal (95% CI) 121 6.6%
Total events 42 44

Heterogeneity: Not applicable

Test for overall effect: Z= 0.68 (P = 0.50)

1.2.3 Cross-sectional studies

Jeffs, E. 2016 4 15 1 7 06%
Pinto, M 2013 3 13 30 4 1.5%
Subtotal (95% CI) 28 51 21%

Total events 7
Heterogeneity: Tau®= 2.77, Chi*= 3.71, df= 1 (P = 0.05); F=73%
Test for overall effect: Z= 0.56 (P = 0.57)

1.2.4 Case control studies
Meeske, K. A 2009
Subtotal (95% CI)

Total events 45 30
Heterogeneity: Not applicable

Test for overall effect: Z= 3.29 (P = 0.0010)

45 256 30 86  6.2%
256

Total (95% CI) 5631

Total events 827 975
Heterogeneity: Tau®= 0.07; Chi*= 36.99, df= 19 (P = 0.008); F= 49%
Test for overall effect: Z=7.11 (P < 0.00001)

Testfor subaroup differences: Chi*= 4.20, df = 3 (P = 0.24), F= 28.6%

4068 100.0%
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2.4) (Figure 4). A wider range of mean ORs was observed in
subgroup analyses comparing patients with a BMI<25 to pa-
tients with a BMI>25 and less than 30. The OR was lowest in
the retrospective study subgroup, which represented a single
study (OR 1; 95% CI, 0.6 to 1.7), moderate in the prospective
study subgroup (OR 1.3; 95% CI, 1.2 to 1.5), and highest in
the cross-sectional study subgroup (OR 1.9; 95% CI, 0.7 to
5.5) and the case-control study subgroup (OR 1.9; 95% CI,
1.2 to 3.2), which also represented a single study (Figure 6).

DISCUSSION

In this meta-analysis, we found strong associations be-
tween BMI and lymphoedema in female breast cancer pa-
tients. Mean differences in BMI were significantly elevated
in lymphoedema patients compared with those who did not
develop lymphoedema. Further, compared to a reference
BMI value of <25 (that is, at or below normal weight), ORs
for lymphoedema increased in magnitude across higher
categories of BMI, within the range of 1.3 to 1.9. This find-
ing reflects a trend of increasing risk of lymphoedema with
increasing weight reported in individual studies included
in this meta-analysis. While ORs of the association of BMI
category and lymphoedema from individual studies ranged
from 0.3°2 to 7.1, only 5 studies reported an OR below 1,
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reflecting the robustness of our overall estimate. Further,
study heterogeneity was moderate to nonsignificant in most
analyses and 75% of included studies were of high quality.
We observed some variability in the magnitude of ORs by
subgroup of study design type, however, subgroup ORs were
largely consistent with overall ORs.

Strikingly, we found that even among overweight and
obese cancer patients, higher BMI increased risk of lymph-
oedema. In particular, our analysis estimated that risk of
lymphoedema was 50% higher in patients with a BMI>30
compared to those with a BMI in the range of 25 to less than
30. This finding is supported by a recent meta-analysis of BMI
and risk of lymphoedema, which reported an 39% increased
risk of breast cancer-related lymphoedema in obese patients
compared to overweight patients.®! However, lymphoedema
is more noticeable, and thus potentially more readily diag-
nosed in patients with a high BMI compared to those with a
normal BMI. While the contribution of diagnostic bias to the
observed association between higher BMI and increased risk
of lymphoedema is unknown, the observed dose-response
relationship between excess body weight and increased risk
of lymphoedema suggests a biological link between the 2.

In prospective studies that were included in this me-
ta-analysis, we found a high proportion of lymphoedema,
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FIGURE 5. Forest Plot Comparing Lymphoedema in Patients With 25<BMI<30 and Those With BMI >30
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FIGURE 6. Forest Plot Comparing Lymphoedema in Patients With BMI<25 and Those With 25<BMI<30

BMI<25  BMI=25to BMI<30 0dds Ratio (Non-event) 0dds Ratio (Non-event)

Study or Subgroup Events Total _Events _ Total Weight _M.H, Random, 95%Cl M-H, Random, 95% CI

1.4.1 Prospective studies

Boughey, J. C. 2014 10 22 19 % 11% 1.34[0.46, 3.89)

Dominick, 5. A 2013 249 1087 216 756 28.8% 1.35[1.09, 1.66]

Geller, B. M. 2003 27 65 14 42 20% 0.70(0.31,1.58]

Green, J. M 2013 19 55 40 78 26% 1.99(0.98, 4.06]

Jammallo, L § 2013 8 3 12 258 16% 1.85(0.74,4.59)

Kwan, M. L. 2010 45 355 39 309 61% 1.00(0.63,1.57)

Kwan, M. L. 2016 87 1050 99 913 141% 1.35(0.99,1.82)

Lee, SH.2012 27 52 2% 37 16% 219(0.90,5.33]

Mahamaneerat W. K 2008 12 44 13 61 16% 0.72(0.29,1.78)

Norman, S. A 2010 7% 235 72 200 82% 1.18(0.79,1.75]

Ozaslan, C. 2004 8 56 22 107 17% 1.55[0.64, 3.76] —

Ridner, . H.2011 ERE 7 46 06% 1.79(0.43,7.53) —

Stout, N.L 2011 15 38 16 33 15% 1.44(0.56,3.71) —

Togawa, K 2014 70 306 67 220 84% 1.48[1.00,2.18) ——

Wilke, L. G. 2006 56 1132 55 842  88% 1.34(0.92,1.97) T

Subtotal (95% Cl) 4841 3938 88.6% 1.32[117,1.49] *

Total events 72 77

Heterogeneity: Tau®= 0.00; Chi*= 9.58, df= 14 (P = 0.79); = 0%

Testfor overall effect Z= 4.52 (P < 0.00001)

1.4.2 Retrospective studies

Monleon, . 2015 42 130 % 1M1 44% 1.01[0.59,1.73)

Subtotal (95% CI) 130 M1 44% 1.01[0.59,1.73]

Total events 42 £

Heterogeneity: Not applicable

Testfor overall effect Z= 0.02 (P = 0.98)

1.4.3 Cross sectional studies

Jeffs, E. 2016 4 15 7 18 06% 1.75(0.40,7.73) —

Pinto, M 2013 3 13 17 43 06% 218[0.52,9.09) s e c—
Subtotal (95% CI) 28 61 1.2% 1.96 [0.70, 5.49] —r—
Total events 7 24

Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.83); F= 0%

Testfor overall effect Z=1.28 (P = 0.20)

1.4.4 Case control studies

Meeske, K A 2009 45 256 45 152 58% 1.97[1.23,3.17) ey
Subtotal (95% Cl) 256 152 58% 1.97[1.23,3.47) —~—

Total events 45 45

Heterogeneity: Not applicable

Testfor overall effect Z= 2.81 (P = 0.005)

Total (95% CI) 5255 4262 100.0% 1.34[1.20,1.50) *

Total events 806

Heterogeneity: Tau® = 0.00; Chi*= 13.83, df=18 (P = 0.74); F= 0% o 5 —
Testfor overall effect Z= 5.07 (P < 0.00001) - . <
Testfor subaroup differences: Chi*= 421, df=3 (P = 0.24), F'= 28.7% FAVOUS BSES: Fovolrs BMIEZS o ERR<0

East African Health Research Journal 2019 | Volume 3 | Number 2 1 88



http://www.eahealth.org

Lymphoedema After Breast Cancer Treatment

www.eahealth.org

FIGURE 7. Funnel Plots Referring to Previous Figures
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ranging from 3% to 67.7%, with a mean of 24.19%. A simi-  Limitations

larly high proportion of lymphoedema has been reported in
other studies. Based on insurance claim data, 10% of patients
had lymphoedema within 2 years of treatment of newly
diagnosed breast cancer.®® A prospective cohort study of
breast cancer survivors reported that within 5 years of treat-
ment 43% to 94% of patients had lymphoedema, with esti-
mates varying depending upon how the lymphoedema was
defined.®® These incidence estimates are derived from overall
patient populations, and may be even higher in subgroups
of overweight and obese women in whom risk of lymphoe-
dema is elevated.

The process through which higher BMI may lead to the
development of lymphoedema remains unclear but sever-
al mechanisms have been proposed. In particular, lipid ac-
cumulation throughout the body may impede lymphatic
transport of fluids, in a process driven in part by chronic
inflammatory responses.®> In a mouse model, lymphoedema
in obese mice was found to impair lymphatic function, as-
sociated with increased subcutaneous adipose deposition,
a higher frequency of CD45+ and CD4+ inflammatory cells,
and fibrosis without any change in the number of lymphatic
vessels.®
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Our meta-analysis has some limitations, which should be
considered. Firstly, methods used to diagnose lymphoede-
ma were not consistent across the studies included in this
meta-analysis, and some studies did report on how diagno-
sis was conducted. In some studies, BMI was not a primary
variable of interest, and thus may not have been carefully
recorded. Further, a variety of study populations were rep-
resented across studies, including. While this may improve
the overall generalizability of our findings, it may also have
resulted in wider confidence intervals around our pooled es-
timates. Our study did not include 191 non-English citations
identified by our MeSH search, which could contain import-
ant data not considered in this study. Moreover, the major-
ity of studies included in our meta-analysis were conducted
in the USA (52.3%) or in Europe, thus our results may not
reflect the impact of BMI on risk of lymphoedema in geo-
graphic areas not included in the analysis. The publication
biases assessment has been summarised in Figure 7 by us-
ing funnel plots. The significant asymmetry was found in the
funnel plots referring to Figure 3. This should be caused by
heterogeneity within studies.
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CONCLUSION

This meta-analysis showed that being overweight or obese is
an important risk factor for developing lymphoedema of the
upper limb following breast cancer treatment. Lymphoede-
ma is more noticeable, and thus potentially more readily di-
agnosed in patients with a high BMI compared to those with
a normal BMI. However, our finding that the magnitude of
risk of lymphoedeoma rises across higher categories of BMI
supports a biological link between being overweight and de-
veloping lymphoedeoma. To further clarify the relationship
between excess body weight and risk of lymphoedema, fu-
ture studies should detail methods used to diagnose lymph-
oedema and report the frequency of lymphoedema in BMI
subgroups from patient populations representing a range of
BMI levels.
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